MICRO-DROPLET GENERATOR WITH AUTOSTABILIZATION FUNCTION 

OF NEGATIVE PRESSURE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a micro-droplet 
generator, particularly to a micro-droplet generator for 
spraying gasoline, machine oil, essence or other fluids 
from a chamber, wherein negative pressure is maintained 
in the chamber to avoid leaking due to gravitation, and 
a spraying plate with a microstructure is used, having 
gradually narrowing holes and gradually widening holes for 
completely removing drops from the spray plate if spraying 
force is not sufficient. 

2. Description of Related Art 

A micro-droplet generator needs to maintain a negative 
pressure to avoid leaking due to gravitation. To prevent 
a reduction in the rate of sprayed fluid because of too 
large negative pressure, automatic regulation of the 
negative pressure is required. Furthermore, if spraying 
force is insufficient, remaining liquid will accumulate 
on spraying plate, blocking normal exchange of liquid and 
air through holes, so that continuous spraying is hampered. 

U.S. patent no. 6116517 "Droplet mist generator", as 
shown in Figs. 4-6, discloses a droplet generator having 
a chamber 1 which is via two tubes connected with a storage 
tank (not shown), a piezoelectric plate 2, and a plurality 
of spraying holes 3. The characteristics of the droplet 
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generator are as follows. (1) The piezoelectric plate 2 
is horizontally placed inside the chamber 1, performing 
a vibrating movement driving droplets out of the spraying 
holes 3 on one side of the piezoelectric plate 2. (2) The 
spraying holes 3 are oriented parallel to the vibrating 
movement of the piezoelectric plate 2. (3) The spraying 
holes 3 are oriented perpendicular to the vibrating movement 
of the piezoelectric plate 2 (not shown) . The vertical 
vibrating movement of the piezoelectric plate 2 drives 
droplets simultaneously and on a common side out of the 
spraying holes 3. 

For simultaneous refilling of fluid and removing of 
air bubbles, restrictions in the directions of spraying 
and a refilling system are required. Furthermore, control 
of negative pressure is not mentioned in the cited patent, 
so that the following shortcomings result: (1) Due to 
gravitation, liquid sticks to the spraying surface, 
blocking spraying of droplets, thus hampering continuous 
spraying of droplets. (2) Refilling of fluid and removing 
of air bubbles depends on the effect of gravitation and 
hydrostatic pressure, restricting directions of spraying. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a micro-droplet generator with automatic control of 
negative pressure, so that leaking of liquid due to 
gravitation is prevented, more effective spraying of 
droplets is achieved and no blocking of spraying due to 
lack of liquid accumulation on spraying plate. 
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The present invention has a piezoelectric plate which 
is driven by an input signal, bending and pressing liquid 
contained in a chamber therein, which thereupon is squeezed 
out through spraying holes. When the piezoelectric plate 
5 bends in the opposite direction, negative pressure builds 

up in the chamber, and air from outside is sucked into the 
chamber. By using gradually narrowing holes and gradually 
widening holes as spraying holes, liquid remaining on a 
spraying surface on the spraying holes is minimized, and 
10 an automatic regulation of negative pressure is achieved. 

Thus leaking of liquid is prevented and effective spraying 
is achieved. 

Another object of the present invention is to provide 
a micro-droplet generator having a chamber that is 
15 continuously refilled from a storage tank, so that negative 

pressure remains constant . 

In the present invention, the pressure by the 
piezoelectric plate overcomes hydrostatic pressure that 
occurs due to a difference of the levels of liquid in the 
20 chamber of the piezoelectric plate and the storage tank. 

The present invention can be more fully understood by 
reference to the following description and accompanying 
drawings . 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in Fig. 1, the micro-droplet generator of the 
present invention mainly comprises: a chamber 10, 
containing a liquid; a spraying plate 20, having a plurality 
30 of spraying holes 21, through which droplets L of the liquid 
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are sprayed out; a piezoelectric plate 30, performing a 
bending movement; a signal connector 40; and a storage tank 
50. 

The chamber 10 is enclosed by a casing 11. The casing 
5 11 on one side has an opening 12, through which a conduit 

13 passes. The plurality of spraying holes 21 of the spraying 
plate 20 are arranged on a lateral side or a lower side 
of the casing 11. The piezoelectric plate 30 is composed 
of several layers of different piezoelectric materials and 

10 placed inside the chamber 10, having a fixed end fastened 

to the casing 11 and a free end placed at a distance to 
the spraying plate 20, allowing the piezoelectric plate 
30 freely to perform the bending movement parallel to the 
axes of the spraying holes 21. The signal connector 40 is 

15 placed on one side of the piezoelectric plate 30 and driven 

by a controller, causing the piezoelectric plate 30 to 
perform the bending movement. The storage tank is filled 
with the liquid to be sprayed. The chamber 10 and the storage 
tank 50 have liquid levels with a constant difference H. 

20 The spraying hole 21 are made of microstructures . In another 

embodiment, the spraying holes 21 are gradually narrowing 
holes 22 and gradually widening holes 23. 

The signal connector 40 issues a signal to the 
piezoelectric plate 30, causing the piezoelectric plate 

25 30 to perform the bending movement, exerting pressure on 

the liquid in the chamber 10. Therefore, the liquid is 
squeezed out through the spraying holes 21 in the casing 
11. When the piezoelectric plate 30 performs a reverse 
bending movement, air is through the spraying holes 21 

30 sucked into the chamber 10. For the difference H of liquid 
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levels in the chamber 10 and the storage tank 50 to be 
constant, a resulting lower hydrostatic pressure is 
overcome by liquid flowing from the storage tank 50 into 
the chamber 10, refilling the chamber 10- In a still state, 
5 due to negative pressure in the chamber 10 as well as surface 

tension of the liquid, no liquid leaks out of the chamber 
10. 

Another characteristic of the present invention lies 
in that, even without refilling of liquid into the chamber 

10 10 from the storage tank 50 (sealing the chamber 10 except 

for the spraying holes 21), an exchange of liquid and air 
takes place at the spraying holes 21, improving on U-S. 
patent no. 6116517. 

Referring to Figs. 2 and 3, the gradually narrowing 

15 holes 22 and the gradually widening holes 23 ensure that 

liquid remaining on the spraying plate 20 is removed. The 
gradually narrowing holes 22 result in increased spraying 
force, and the gradually widening holes 23 allow external 
air bubbles 25 easily to enter the chamber 10, balancing 

20 pressure there and sucking in remaining liquid on the outer 

surface of the spraying plate 20, so that blocking of 
spraying of droplets by accumulating liquid on the spraying 
plate 20 is avoided. Since accumulating liquid on the 
spraying plate 20 blocks natural exchange of liquid with 

25 air, continuous spraying is hampered. As shown in Fig. 2, 

when the piezoelectric plate 30 bends towards the spraying 
plate 20, liquid placed in between is exposed to pressure 
and subsequently pressed out through the spraying holes 
21 in the casing 11. When, as shown in Fig. 2, the 

30 piezoelectric plate 30 bends away from the spraying plate 



20, air is sucked into the chamber 10 through the spraying 
holes 21. 

As above explanation shows, in the droplet generator 
of the present invention, constant negative pressure is 
maintained in the chamber, leaking of liquid through the 
spraying holes in a still state is avoided, and by employing 
spraying holes in the spraying plate that are made of a 
microstructure, effective spraying of micro-droplets is 
achieved. Gradually narrowing and widening holes in the 
spraying plate increase spraying force and ensure that no 
liquid remains on the outer surface of the spraying plate. 

While the invention has been described with reference 
to preferred embodiments thereof, it is to be understood 
that modifications or variations may be easily made without 
departing from the spirit of this invention which is defined 
by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional side view of the micro-droplet 
generator of the present invention. 

Fig. 2 is a sectional side view of the spraying plate 
and the chamber of the present invention during spraying 
of droplets . 

Fig. 3 is a sectional side view of the spraying plate 
and the chamber of the present invention during sucking 
of air. 

Fig. 4 is a sectional side view of the droplet 
generator disclosed in U.S. patent no. 6116517. 

Fig. 5 is a sectional side view of the droplet 
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generator of Fig. 4, with the piezoelectric plate bending. 
Fig. 6 is a sectional view along line 6 - 6 of Fig. 5. 



